SUMMARY A 58-year-old man with hypertensive cardiovascular disease and atrial flutter underwent electrophysiologic studies, including multiple intra-atrial recordings and atrial stimulation. Although the surface ECG suggested the presence of atrial flutter, intra-atrial recordings demonstrated the presence of (1) sinus-like rhythm localized to an area of approximately 5 mm in and around the region of the sinus node, which was protected by entrance block; (2) flutter and/or fibrillation of the remaining parts of the right atrium; (3) fibrillation of the left atrium; and (4) transient degeneration of flutter into fibrillation at right atrial sites, with predominant flutter activity. Although a major part of the right atrium was in flutter and/or fibrillation, we could assess sinus node function by overdrive stimulation of the area of sinus node activity. Sinus node function studies revealed an underlying sick sinus syndrome.
THE DIAGNOSIS of atrial arrhythmias is essentially based on the analysis of the configuration, timing, and rate of P waves on the surface ECG. However, recent studies in selected patients have demonstrated dissimilar atrial rhythms with direct intra-atrial recordings otherwise not discernible on the surface ECG."3 In this paper we report the electrophysiologic findings in a patient in whom the ECG revealed atrial flutter and intra-atrial recordings demonstrated the presence of sinus-like rhythm in and around the region of the sinus node, flutter and/or fibrillation of the remaining parts of the right atrium and fibrillation of the left atrium. We also assessed sinus node function, although a major part of the right and left atria were in flutter and/or fibrillation. Assessment of sinus node function revealed an underlying sick sinus syndrome.
Case Report A 58-year-old man with hypertensive cardiovascular disease was admitted to the Medical Service of the Brooklyn Veteran's Administration Medical Center for uncontrolled hypertension, congestive heart failure and atrial flutter of recent onset. A 12-lead ECG suggested the presence of atrial flutter at a rate of 240 beats/min, with a ventricular response of 120 beats/min and poor R-wave progression from V1 to V3 ( fig. 1) . Chest x-ray film showed cardiomegaly and pulmonary congestive changes. Echocardiogram revealed left atrial and left ventricular enlargement. The patient's hypertension and congestive heartfailure responded promptly to medical therapy. He was then referred to the cardiology service for elective electrical conversion of the atrial flutter after medical conversion with digitalis and quinidine had failed.
The patient underwent electrophysiologic studies to convert the atrial flutter by overdrive atrial stimulation. The procedure was explained to the patient, who gave signed consent. The electrophysiologic studies were performed after withholding digitalis and quinidine for 2 days. Serum digoxin level was 0.5 ng/ml on the day of the study. Two quadripolar #6F
USCI catheters with 10-mm interelectrode distance were introduced percutaneously into the femoral vein and positioned in the right atrium. Three standard ECG leads and intra-atrial electrograms, filtered at frequency settings of 40-500 Hz and time lines generated at 40, 200 and 1000 msec, were displayed on a multichannel oscilloscope (Electronics for Medicine VR 12) and recorded on a tape recorder (HP#3698A) and on thermal paper at paper speeds of 50, 100 and 150 mm/sec. The right and left atria were mapped by sequentially positioning the catheters in the high, middle, low and septal right atrium and the coronary sinus.
When one of the two catheters was positioned in the high right atrium in close proximity to the location of the sinus node, a combination of the distal two poles of the catheter recorded a distinct atrial electrogram at a cycle length of 1170-1360 msec (rate 44-51 beats/min), whereas the two proximal poles of the same catheter recorded atrial activity suggestive of atrial flutter-fibrillation ( fig. 2A) . The electrogram recorded with the distal poles had no relationship with the flutter activity or the QRS complex. The proximal and distal connections of the second catheter, when positioned in the low and septal right atrium and the coronary sinus, recorded, respectively, atrial activity suggestive of atrial flutter ( fig. 2A) , atrial activity suggestive of atrial flutter-fibrillation ( fig. 2B ) and atrial fibrillation ( fig. 2C ). Variations in rates at sites of more regular atrial activity and transient degeneration to atrial fibrillation were often observed (figs. 2A, B and 3A-C). We believed that the distinct atrial electrogram observed in the region of the high atrium using the distal two poles of the catheter ( fig. 2A) 4B ) from an average rate of 47 beats/min to 54 beats/min. We also attempted to supress the atrial activity and assess its recovery time by positioning the second catheter in close proximity to the distal poles of the first catheter ( fig. 5 ). Recovery times were assessed by pacing for 1 minute at cycle lengths of 1100, 900, 700 and 600 msec during control and after atropine. The corrected recovery time was prolonged during control and decreased after atropine. The longest corrected recovery time during control was 850 msec after pacing at a cycle length of 900 msec ( fig. 6A ). The longest corrected recovery time after atropine was 500 msec after pacing at a cycle length of 700 msec ( fig. 6B ). In addition, secondary pauses greater than 4 seconds were often observed ( fig. 6A ). Atrial pacing of the low atrium at rates greater than those of atrial flutter resulted in transient capture of the respective atrial site, but did not result in capture of the area of the sinus node. The flutter could be transiently converted to fibrillation by rapid atrial pacing but could not be converted to sinus rhythm despite repeated attempts at pacing different right atrial sites.
To assess the reproducibility of our findings, the catheters were left in situ and the next day, the recordings were reattempted. The recordings were consistent with those of the previous study. DC cardioversion was attempted with the catheters in place. It resulted in transient conversion to an ectopic atrial rhythm, but the patient immediately reverted back to atrial flutter-fibrillation.
Discussion
Since Schrumpf's original publication4 of the first ECG that he interpreted to represent atrial dissociation in a patient with digitalis toxicity, several clinical studies have shown the existence of atrial dissociation and dissimilar atrial rhythms in man.'-9 Despite electrocardiographic observations, the existence of dissimilar atrial rhythms was questionable because direct intra-atrial recordings were rarely performed. However, recent observations with the use of intra-atrial electrode catheter recordingsl'3 in selected patients have revealed (1) atrial fibrillation in one atrium and atrial flutter in the other atrium; (2) conduction delay; and (5) right atrial standstill and left atrial activity without contraction. The surface ECG in our patient suggested atrial flutter; however, intra-atrial recordings from multiple atrial sites revealed distinct atrial activity at a rate of 44-51 beats/min in and around the region of the sinus node, atrial flutter and/or fibrillation in remaining segments of the right atrium, atrial flutter transiently degenerating into atrial fibrillation in the same segments of the right atrium, and atrial fibrillation of the left atrium. While both right and left atria were in flutter and/or fibrillation, a discrete island of atrial tissue approximately 5 mm around the region of the sinus node was in sinus rhythm. Although it is difficult to establish unequivocally sinus node activity without direct recordings of a sinus node electrogram,10 the atrial activity around the region of the sinus node was indeed sinus-like, as suggested by (1) slowing of the atrial rate by carotid sinus massage; (2) speeding up of the atrial rate after the administration of atropine; (3) presence of secondary pauses after overdrive suppression, and (4) 
